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Statement of the Problem Studied

The objective of this project was to design, build, and test a prototype thermoelectric
generator capable of producing small amounts of electric power using the temperature difference
between the ground and the atmosphere as the energy source.

At most locations outside the tropics, the diurnal temperature changes in the air near

~ground level are large compared with the temperature changes even a very short distance below
the surface of the ground. In concept, these daily temperature differences can be harnessed by a
heat engine to produce power. In practice, the temperature differences are of the order of 10° to
10' K, in surroundings close to 300 K, so that the thermal efficiency of any such heat engine will
be small. This means that a large amount of heat must be moved through the device for each unit
of power produced. As with many natural power sources, there is an enormous amount of
energy, but very little availability.

The system consists of a thermoelectric module sandwiched between a heat exchanger in
contact with the atmosphere and a heat exchanger buried in the ground. When the air
temperature is higher than the ground temperature, heat flows into the system primarily via
convection from the air, radiation from the sun, and radiation from the surroundings. Heat is
rejected to the cooler ground by conduction. The thermoelectric module connects the hot side
and cool side and generates electricity from the temperature difference. At times when the
ground temperature is higher than the air temperature, the system still produces power but all heat
flows are reversed. The central issue of the design problem was in bringing the relatively large
heat flows into and out of the thermoelectric module with a minimal temperature drop so that the
thermoelectric module operates at its highest efficiency.

This system has several advantages over other power generation systems. First, by using a
thermoelectric generation module, there are no moving parts in the entire system. This will result
in a long design life with little maintenance. With no moving parts the system can be designed to
be extremely rugged and insensitive to handling and transport. Since half the system is
underground and the other half is only exposed to the atmosphere, the system has a relatively low
visibility profile. The system generates power both when the air temperature is higher than the
ground temperature and when it is lower than the ground temperature. Direct sunlight is
beneficial, but is not be necessary for the system to function. Unlike fragile photovoltaic panels,
the thermoelectric couple is sturdy by itself, and is further protected by being completely enclosed
by the structural and heat transfer surfaces around it. The enclosure also provides protection
from corrosion and other environmental effects.

Summary of the Most Important Results

*First phase: (development of design procedures and design of a prototype)

—derivation of the optimum burial depth for a ground-source device to exchange heat with
the ground

—development of a simple approximate method for designing a system which has the
thermoelectric module optimally matched with the heat exchangers if the reservoir
temperatures are fixed

—development of the optimal system design for cases of time-varying thermal resistance in
the heat exchangers

—presentation of the overall design sequence for ground-source thermoelectric heat




engines

—completion of a parametric numerical study of the ground-side heat exchanger
performance

—generation of a rudimentary predictive model of the ground-side heat exchanger
performance suitable for system design

—design of a prototype including selection of commercially available thermoelectric
modules, and designs for air-side and ground-side heat exchangers

*Second phase: (construction and testing of the prototype)
—completion of the construction of a ground-source heat engine prototype
—assembly and testing of a portable data acquisition system for measuring the performance
of the prototype
—preliminary testing
-long duration testing
—data reduction and analysis
—determination of the relationship between the total air-ground temperature
difference and the temperature drop across the thermoelectric module as a
function of the time-of-day
—estimation of the performance penalty incurred by using off-the-shelf components
that were not optimally matched
—establishment of the long term average electricity generation profile
—establishment of the long term electricity generation distribution by time-of-day
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